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The implementation of maximally restrictive texture zeros in the leptonic sector is investigated in
the context of two-Higgs-doublet models with Majorana neutrinos. After analyzing all maximally
restrictive pairs of leptonic mass matrices with zero entries, we conclude that there are only four
texture combinations that are compatible with observations at 3σ confidence level and can be
implemented through Abelian symmetries in a two-Higgs-doublet model. The compatibility of
these textures with current constraints on lepton-flavor-violating processes is also studied. The
ultraviolet completion of these models is discussed in the framework of the seesaw mechanism for
neutrino masses.
I. INTRODUCTION
The existence of neutrino masses and leptonic mixing
has been firmly established by neutrino oscillation ex-
periments [1–3]. However there is no convincing theory
to explain their origin and several questions remain to
be answered [4–6]. In particular, neutrinos can be Dirac
or Majorana particles, and the CP symmetry can be vi-
olated in the lepton sector. Furthermore, the absolute
neutrino mass scale and type of mass spectrum (normal
or inverted hierarchy) are still unknown.
A common approach towards the solution of the flavor
puzzle consists on requiring some of the elements in the
leptonic mass matrices to vanish, leading to the so-called
texture zeros. It is well known that such zeros can be en-
forced in arbitrary entries of the fermion mass matrices
by means of Abelian symmetries [7]. Moreover, combin-
ing the canonical and Smith normal form methods [8–10],
it is possible to construct viable patterns in a minimal
framework, i.e. with the smallest discrete Abelian group
and a minimal number of Higgs scalars. For instance,
these two methods have been successfully employed to
construct the minimal Abelian symmetry realizations
of the well-known Frampton-Glashow-Marfatia two-zero
neutrino textures [11] and to study their implementation
in extensions of the standard model (SM) based on the
seesaw mechanism for the neutrino masses [12].
Recently, a complete survey of texture zeros in the lep-
ton mass matrices has been performed [13]. Admitting
all possible combinations of patterns with zeros, the au-
thors of Ref. [13] concluded that several classes of texture
zeros in the charged-lepton and neutrino mass matrices
are compatible with current neutrino oscillation data at
5σ confidence level (CL). In this paper, we reconsider
this problem with the aim of identifying the maximally
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restrictive pairs of leptonic mass matrices with zero en-
tries that are not only compatible with observations but
also realizable in terms of Abelian symmetries. In this
context, by maximally restrictive we mean that no addi-
tional zero can be placed into one of the two lepton mass
matrices while keeping compatibility with the observed
lepton masses and mixing data. Since none of the tex-
tures can be implemented through such symmetries in
the SM, we shall consider one of its simplest extensions,
namely the two-Higgs-doublet model (2HDM) [14]. We
also assume that neutrinos are Majorana particles. The
ultraviolet (UV) completion of these models is then im-
plemented in the framework of the seesaw mechanism for
neutrino masses.
II. CONFRONTING TEXTURE ZEROS WITH
NEUTRINO DATA
A detailed analysis of texture zeros in the charged-
lepton mass matrix m` and the effective Majorana neu-
trino mass matrix mν has been carried out in Ref. [13].
In particular, it has been shown that, without imposing
any correlation among the mass matrix elements, at least
eight physical parameters1 are required to explain the
eight experimentally known observables (three charged-
lepton masses, two neutrino mass-squared differences and
three mixing angles). Moreover, several combinations of
texture zeros in the pairs of mass matrices (m`,mν) were
found viable at 5σ CL (see [13] for further details).
In this section, we shall look for (m`,mν) pairs that
contain maximally restrictive texture zeros and, simulta-
neously, are compatible with observations at 3σ CL. We
1 The number of physical parameters corresponds to the number
of real parameters in the leptonic mass textures that remain after
removing all unphysical phases through weak-basis transforma-
tions.
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24`1 ∼
0 0 ×0 × 0
× × ×
 4`3 ∼
0 0 ×0 × ×
× × 0

5`1 ∼
0 0 ×0 × 0
× 0 ×

TABLE I. Viable maximally restrictive charged-lepton mass
matrices.
shall perform a χ2-analysis using the standard function
χ2(x) =
∑
i
(Pi(x)−Oi)2
σ2i
, (1)
where x denotes the physical input parameters (i.e. the
matrix elements of m` and mν), Pi(x) are the predictions
of the model for the observables Oi, Oi are the best-fit
values of Oi, and σi their corresponding 1σ errors. We
use the current global fit of neutrino oscillation data at
3σ [3]. We also impose the recent cosmological constraint
on the sum of the neutrino masses, namely
∑
imi <
0.12 eV (i = 1, 2, 3) at 95% CL [15] (see also Ref. [16, 17]).
In our search for a viable charged-lepton mass matrix
m`, we require that the eigenvalues of the input matrix
correctly reproduce the central values of the charged-
lepton masses [18]. The χ2-function is then minimized
with respect to the five neutrino observables (two neu-
trino mass-squared differences and three mixing angles)
using MINUIT [19] and the numerical strategy presented
in Ref. [20]. Since current neutrino data does not con-
strain the Dirac CP-violating phase δ at 3σ (i.e. δ is
allowed to vary between 0 and 2pi), we do not fit it in
our analysis. If the deviation of each neutrino observable
from its experimental value is at most 3σ at the mini-
mum of χ2 for a given (m`,mν)-pair, the corresponding
leptonic textures are said to be compatible with data.
From our χ2-analysis, several charged-lepton and Ma-
jorana neutrino mass matrices resulted in pairs of max-
imally restrictive textures (i.e. with 8 physical parame-
ters) compatible with data at 3σ CL. These patterns are
presented in Tables I and II. Note that we have kept the
notation of Ref. [13] for the labeling of the textures. The
corresponding minimum of χ2 for the viable pairs of lep-
tonic textures is given in Table III. There are 19 pairs
of leptonic matrices that can successfully accommodate
the data. The lowest value of χ2 was attained for the
matrix combinations (5`1,3
ν
3) and (5
`
1,3
ν
7). In all cases,
the neutrino mass spectrum has an inverted ordering, i.e.
m3 < m1 < m2. Moreover, the six viable four-zero neu-
trino textures, 4ν1, . . . ,4
ν
6, contain a null row and a null
column, thus leading to a massless neutrino (m3 = 0).
3ν1 ∼
0 × ×× 0 ×
× × 0
 3ν2 ∼
0 0 ×0 0 ×
× × ×

3ν3 ∼
0 0 ×0 × ×
× × 0
 3ν6 ∼
0 × ×× 0 0
× 0 ×

3ν7 ∼
0 × ×× × 0
× 0 0
 3ν8 ∼
× 0 ×0 0 ×
× × 0

3ν10 ∼
× × ×× 0 0
× 0 0

4ν1 ∼
0 0 00 0 ×
0 × ×
 4ν2 ∼
0 0 00 × ×
0 × 0

4ν3 ∼
0 0 ×0 0 0
× 0 ×
 4ν4 ∼
0 × 0× × 0
0 0 0

4ν5 ∼
× 0 ×0 0 0
× 0 0
 4ν6 ∼
× × 0× 0 0
0 0 0

TABLE II. Viable maximally restrictive Majorana neutrino
mass matrices.
m` mν χ
2
min
4`1 4
ν
1, 4
ν
3 7.38
4ν4, 4
ν
6 7.84
4ν2, 4
ν
5 9.30
4`3 4
ν
2, 4
ν
4 7.38
4ν3, 4
ν
5 7.84
4ν1, 4
ν
6 9.30
5`1 3
ν
3, 3
ν
7 1.36
3ν1 2.04
3ν2, 3
ν
10 2.71
3ν6, 3
ν
8 3.46
TABLE III. The minimum of χ2 for the viable pairs of maxi-
mally restrictive leptonic textures with eight physical param-
eters. In all cases, the neutrino mass spectrum has an in-
verted ordering. Compatibility with neutrino oscillation data
is found at 3σ CL.
III. MODEL BUILDING
A. 2HDM: the leptonic sector
Majorana neutrino masses can be explained through
the introduction of the unique dimension-five Weinberg
operator compatible with the SM gauge group. Assum-
ing two Higgs-doublet fields, the leptonic interaction La-
3grangian can be written as
−Lint = −LY +
[κij
2Λ
(
`0L φ˜i
)(
φ˜Tj `
0 c
L
)
+ h.c.
]
, (2)
where
−LY = `0L Πi φi e0R + h.c., (3)
Λ is an effective energy scale, `0L denotes the left-
handed lepton doublet fields and e0R are the right-handed
charged-lepton singlets; φi (i = 1, 2) are the Higgs dou-
blets and φ˜ ≡ iσ2φ∗; κij are the effective Majorana neu-
trino coupling matrices and Πi are the charged-lepton
Yukawa coupling matrices. Note that flavor indexes have
been omitted in Eqs. (2) and (3), and a sum over Latin
indexes is assumed.
The 3× 3 complex symmetric matrices κij give rise to
Majorana neutrino masses once the Higgs fields
φi =
1√
2
( √
2ϕ+
eiθi(vi + ρi + iηi)
)
(4)
acquire vacuum expectation values (vev)
〈φi〉 ≡ 1√
2
(
0
eiθivi
)
,
with vi real and positive. Without loss of generality, in
what follows we set θ1 = 0, since only the relative phase
θ ≡ θ2 − θ1 is observable.
We can use a convenient basis in which an orthogonal
rotation is performed so that one Higgs doublet combi-
nation has the vev v = (v21 + v
2
2)
1/2 ' 246 GeV and the
other has none. We define(
H1
H2
)
=
(
cβ sβ
−sβ cβ
)(
φ1
e−iθφ2
)
, (5)
with cβ ≡ cosβ = v1/v, sβ ≡ sinβ = v2/v and
H1 =
1√
2
( √
2G+
v +H0 + iG0
)
, H2 =
1√
2
(√
2H+
R+ iI
)
. (6)
This is known as the Higgs basis. The Yukawa La-
grangian given in Eq. (3) now takes the form
−LY =1
v
e0L
[
m`(v +H
0) +N0eR+ iN
0
e I
]
e0R
+
√
2
v
ν0LN
0
eH
+e0R + h.c.,
(7)
with
m` =
1√
2
(
v1Π1 + e
iθv2Π2
)
,
N0e =
1√
2
(
v2Π1 − eiθv1Π2
)
.
(8)
The charged-lepton mass matrix m` is diagonal-
ized by the bi-unitary transformation U†`Lm` U`R =
diag (me,mµ,mτ ), with real and positive charged lep-
ton masses. In this basis, Ne = U
†
`LN
0
e U`R. Simi-
larly, for Majorana neutrinos, the symmetric mass ma-
trix mν is diagonalized by the unitary transformation
U†νLmν U
∗
νL = diag (m1,m2,m3), with mi real and pos-
itive. The leptonic mixing matrix U is then given by
U = U†`LUνL, which can be parametrized in terms of the
three mixing angles, the Dirac phase and the two Majo-
rana phases using the standard form [18].
B. Abelian symmetry implementation of the
textures
In this section, we study whether the maximally re-
strictive pairs of leptonic textures previously found (cf.
Table III) can accommodate an Abelian symmetry in the
context of 2HDM. To achieve our goal we make use of the
canonical and Smith normal form methods, following the
approach presented in Ref. [12].
Let us first consider the charged-lepton mass matrix.
There are 3 viable textures: 4`1, 4
`
3, and 5
`
1. Using the
canonical method and looking at all possible texture de-
compositions, one can show that the matrix 4`1 cannot
be obtained with just two Higgs doublets. On the other
hand, the matrix 4`3 can be implemented via the charged-
lepton Yukawa coupling textures
Π1 =
0 0 ×0 × 0
× 0 0
 , Π2 =
0 0 00 0 ×
0 × 0
 , (9)
while two different decompositions can lead to the texture
5`1, namely
Π1 =
0 0 ×0 × 0
× 0 0
 , Π2 =
0 0 00 0 0
0 0 ×
 , (10)
or
Π1 =
0 0 ×0 0 0
× 0 0
 , Π2 =
0 0 00 × 0
0 0 ×
 . (11)
Consider now the neutrino sector. We recall that for
the Majorana neutrino mass matrix we should keep only
those texture decompositions that lead to symmetric ma-
trices. As can be seen in Table II, there are 7 textures
with three zeros and 6 textures with four zeros. Working
in a framework with two scalar fields, φ1,2, we can only
form three distinct combinations: φ21, φ
2
2 and φ1φ2. Thus,
the maximal number of different textures that build a
given neutrino mass matrix is three.
4Following a procedure similar to the case of charged
leptons, we arrive at the following matrix decompositions
for the three-zero neutrino textures:
3ν1 :
0 × 0× 0 0
0 0 0
 ,
0 0 ×0 0 0
× 0 0
 ,
0 0 00 0 ×
0 × 0
 ; (12)
3ν2 :
0 0 ×0 0 0
× 0 0
 ,
0 0 00 0 ×
0 × 0
 ,
0 0 00 0 0
0 0 ×
 or
0 0 ×0 0 ×
× × 0
 ,
0 0 00 0 0
0 0 ×
 ; (13)
3ν3 :
0 0 ×0 0 0
× 0 0
 ,
0 0 00 0 ×
0 × 0
 ,
0 0 00 × 0
0 0 0
 or
0 0 ×0 × 0
× 0 0
 ,
0 0 00 0 ×
0 × 0
 ; (14)
3ν6 :
0 × 0× 0 0
0 0 0
 ,
0 0 ×0 0 0
× 0 0
 ,
0 0 00 0 0
0 0 ×
 or
0 × 0× 0 0
0 0 ×
 ,
0 0 ×0 0 0
× 0 0
 ; (15)
3ν7 : P13 3
ν
3 P13 ;
3ν8 : P13 3
ν
6 P13 ;
3ν10 : P13 3
ν
2 P13 .
(16)
Similarly, for the four-zero textures we obtain
4ν1 :
0 0 00 0 ×
0 × 0
 ,
0 0 00 0 0
0 0 ×
 ; (17)
4ν2 : P23 4
ν
1 P23 ;
4ν3 : P12 4
ν
1 P12 ;
4ν4 : P321 4
ν
1 P321 ;
4ν5 : P123 4
ν
1 P123 ;
4ν6 : P13 4
ν
1 P13 .
(18)
In the above equations, Pij and Pijk denote the 3×3 per-
mutation matrices, where the indexes indicate the per-
mutation of columns with respect to the diagonal unit
(m` , mν ) Higgs combination Symmetry(
4`3,4
ν
1
)
[(2,2),(1,2)](
4`3,4
ν
6
)
[(1,1),(1,2)] U(1)(
5`1,3
ν
6
)
[(1,1),(2,2),(1,2)](
5`1,3
ν
8
)
[(2,2),(1,1),(1,2)]
TABLE IV. Viable maximally restrictive (m`,mν)-pairs and
the corresponding Higgs doublet combinations and Abelian
symmetry. The texture 5`1 can be constructed using either
the decomposition of Eq. (10) or the one given in Eq. (11).
matrix (see e.g. [12] for the explicit form of these matri-
ces).
The next step is to study the possibility of realizing
the above texture decompositions through Abelian sym-
metries. This is done more conveniently with the help
of the Smith normal form method [12]. Our results are
summarized in Table IV, where the realizable mass ma-
trix pairs, and the corresponding Higgs combinations and
Abelian symmetry are presented. For each implementa-
tion, the coupling of φ∗21 , φ
∗2
2 and φ
∗
1φ
∗
2 to a given neutrino
mass texture is simply denoted as the Higgs combination
(1, 1), (2, 2), and (1, 2), respectively. We conclude from
the table that only the matrix pairs
(
4`3,4
ν
1
)
,
(
4`3,4
ν
6
)
,(
5`1,3
ν
6
)
, and
(
5`1,3
ν
8
)
can be implemented through an
Abelian symmetry. In the case of the texture 5`1, the
corresponding Higgs combination can be constructed us-
ing either the decomposition of Eq. (10) or the one given
in Eq. (11).
For completeness, next we present the charges associ-
ated to each Abelian symmetry implementation. The two
viable models based on the texture 4`3 for the charged-
lepton mass matrix share the same left-handed field
transformation,
`0L → diag(1, e−i2γ , e−i4γ) `0L , (19)
where γ denotes the U(1) global charge. The two possible
textures in the neutrino sector are then obtained through
the following charge assignments:
(
4`3,4
ν
1
)
:

e0R → diag(e−i9γ , e−i7γ , e−i5γ) e0R ,
φ1 → ei5γ φ1 , φ2 → ei3γ φ2 ,
(20a)
(
4`3,4
ν
6
)
:

e0R → diag(e−i5γ , e−i3γ , e−iγ) e0R ,
φ1 → eiγ φ1 , φ2 → e−iγ φ2 .
(20b)
When the charged-lepton mass matrix is given by the
texture 5`1, there are two possible realizations through
Eqs. (10) and (11), which we shall denote by 5`1a and
5`1b, respectively. Both share the same left-handed field
5and scalar symmetry transformations. In the case of the
matrix pair
(
5`1,3
ν
6
)
, these transformations are
`0L → diag(1, e−i6γ , e−i2γ) `0L ,
φ1 → ei3γ φ1 , φ2 → eiγ φ2 .
(21)
The right-handed field transformations will then dictate
the implementation:(
5`1a,3
ν
6
)
: e0R → diag(e−i5γ , e−i9γ , e−i3γ) e0R , (22a)
(
5`1b,3
ν
6
)
: e0R → diag(e−i5γ , e−i7γ , e−i3γ) e0R . (22b)
Similarly, for the matrix pair
(
5`1,3
ν
8
)
we find
`0L → diag(1, ei4γ , e−i2γ) `0L ,
φ1 → eiγ φ1 , φ2 → e−iγ φ2 ,
(23)
and(
5`1a,3
ν
8
)
: e0R → diag(e−i3γ , ei3γ , e−iγ) e0R , (24a)
(
5`1b,3
ν
8
)
: e0R → diag(e−i3γ , ei5γ , e−iγ) e0R . (24b)
The continuous Abelian symmetry may be discretized
by setting γ = 2pi/n, with n the order of the discrete
Zn group. The discretization can be useful when look-
ing at ultraviolet completions of the effective Weinberg
operator, since the additional field content may allow for
terms distinguishing continuous and discrete transforma-
tions. It is then useful to know what would be the mini-
mal discrete symmetry that implement these textures. If
we request that the discrete symmetry allows just these
textures and no additional ones, we find that Z7 is the
smallest group in the six cases discussed above.
C. 2HDM: the scalar sector
Although the detailed study of the scalar potential is
beyond the scope of this work, a few comments related to
this sector are in order. In the models under considera-
tion, the flavor symmetry restricts the scalar potential in
such a way that no explicit CP violation is present in the
model. There is no spontaneous CP either and the CP-
even and CP-odd scalars do not mix. There remains the
mixing in the (ρ1, ρ2) sector, which can be parametrized
through a rotation by a single angle α, relating ρ1 and
ρ2 to two of the neutral physical Higgs fields,(
H
h
)
=
(
cα sα
−sα cα
)(
ρ1
ρ2
)
=
(
cβ−α −sβ−α
sβ−α cβ−α
)(
H0
R
)
,
(25)
where h and H are the CP-even light and heavy scalars,
respectively. Notice also that the last equality in Eq. (25)
allows to relate the neutral physical Higgs fields to the
neutral real components H0 and R defined in the Higgs
basis given by Eqs. (5) and (6).
In the following, we consider the scalar masses inde-
pendent and we work in the limit of no mixing between
R and H0, making the identification of H0 with the Higgs
boson discovered by ATLAS and CMS at the LHC [21],
i.e. mH0 ≡ mh ' 125 GeV. The two scalars R and I
are then identified with the physical neutral Higgs fields.
This limit is obtained by setting β − α = pi/2 and it is
justified by the SM-like behavior of the observed Higgs
particle.
We remark that the presence of a continuous Abelian
symmetry would make the CP-odd scalar I a Goldstone
boson. The simplest way to deal with such unwanted par-
ticle is to softly break the symmetry by introducing, for
instance, a mixing term m12φ
†
1φ2 in the scalar potential.
IV. PHENOMENOLOGICAL CONSTRAINTS
It is well known that Yukawa interactions in 2HDM
may induce flavor-changing neutral currents (FCNC) at
the tree and loop levels. In this section, we confront the
viable maximally restrictive textures of Table IV with
current experimental bounds on such processes. In par-
ticular, we consider universality in lepton decays medi-
ated by the charged scalar H+ at tree level, the lepton-
flavor-violating decays `−α → `−β `+γ `−δ mediated by the
neutral scalars R and I at tree level and `α → `β γ medi-
ated by neutral and charged Higgs scalars at the one-loop
level.2
Before we proceed further, it is worthwhile to com-
ment on the Higgs decays h→ `α`β . Recently, the CMS
collaboration, using the data collected in LHC proton-
proton collisions at
√
s = 8 TeV, reported that no evi-
dence has been found for the lepton-flavor violating de-
cays h→ eµ and h→ eτ [23]. Although an excess in the
lepton flavor-violating Higgs decay h→ µτ at a 2.4σ level
has been reported by CMS [24], the ATLAS collaboration
observes no evidence for this decay mode [25]. Since the
decay widths of the above lepton-flavor violating Higgs
decays are proportional to the mixing parameter cβ−α,
they are naturally suppressed in the decoupling (or align-
ment) limit of the 2HDM. As for the lepton-flavor con-
serving decay h → ττ , the signal strength measured at
the LHC, normalized to the SM expectation, is so far
consistent with the predicted Yukawa coupling strength
of the Higgs boson in the SM [26, 27].
2 The phenomenological implications of these processes have been
recently studied in Ref. [22], for a class of 2HDM in which the
FCNC in the leptonic sector are controlled by the leptonic mixing
matrix.
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FIG. 1. Charged-lepton universality test in τ decays for the texture pairs
(
4`3,4
ν
1
)
and
(
4`3,4
ν
6
)
. The horizontal dashed lines
delimit the experimental range given in Eq. (32). The random points correspond to the parameter space compatible with
neutrino data and the bounds of Eqs. (33), (39) and (45). The deviation from the SM prediction is given as a function of the
charged Higgs mass mH+ and tanβ in the left and right plots, respectively.
To study the compatibility of the leptonic textures
with current experimental constraints, in our numerical
analysis we shall randomly vary the input mass matrices
m` and mν , the parameter tanβ and the Higgs scalar
masses mH± , mR and mI . We take tanβ as a free pa-
rameter varying in the range 10−2 to 102. As we shall see
below, the allowed values of this parameter will depend
on the specific model implementation and corresponding
experimental bounds.
For the charged Higgs scalar mass, we impose the lower
bound mH± & 80 GeV, obtained from direct searches
at colliders [28], while for the neutral Higgs scalars we
require mR,I & 100 GeV [18]. Since we are interested
in non-decoupled scenarios, we limit our search to cases
where the charged Higgs scalar mass is below 1 TeV and
the heavy neutral masses lie in the range up to 10 TeV.
A. `α → `β ν ν
Lepton universality tests aim at probing the SM pre-
diction that all leptons couple with the same strength
to the charged weak current interaction. Here we shall
test this prediction by considering universality in pure τ
decays. The relevant quantity is∣∣∣∣gµge
∣∣∣∣2 ≡ Br (τ → µνν¯)Br (τ → eνν¯) f(xeτ )f(xµτ ) , (26)
where xαβ ≡ m2α/m2β . The branching ratios are
Br(`α → `β ν ν¯) =
(
1 +
1
4
∣∣gSRR,αβ∣∣2 )f(xβα)+
2 Re
[
gSRR,αβ
(
gVLL,αβ
)∗]
xβα g(xβα) ,
(27)
where
f(x) = 1− 8x+ 8x3 − x4 − 12x2 lnx,
g(x) = 1 + 9x− 9x2 − x3 + 6x(1 + x) lnx, (28)
are the phase space functions and
∣∣gSRR,αβ∣∣2 ≡ 3∑
i,j=1
|Uαi|2|Uβj |2|giαjβ |2 , (29)
(
gSRR,αβ
) (
gVLL,αβ
)∗ ≡ 3∑
i,j=1
|Uαi|2|Uβj |2giαjβ . (30)
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FIG. 2. As in Figure 1, for the texture pairs
(
5`1a,3
ν
6
)
and
(
5`1b,3
ν
6
)
.
Finally, the coefficient giαjβ is specific to the model,
giαjβ = − (U
†Ne)iα(N†e U)βj
m2H+U
∗
αiUβj
, (31)
with the matrix Ne defined in the basis in which m` is
diagonal.
Current experimental constraints yield [29]
|gµ/ge| = 1.0018± 0.0014 (32)
and∣∣gSRR,µe∣∣ < 0.035, ∣∣gSRR,τe∣∣ < 0.70, ∣∣gSRR,τµ∣∣ < 0.72,
(33)
at 95% CL [18].
In the above pure leptonic decays, the exchange of
the charged Higgs scalar leads to an amplitude that is
parametrized through the effective low-energy coupling
gSRR,αβ ∼ mαmβ/m2H+ . Since this coupling is propor-
tional to the lepton masses, the most sensitive decay is
τ → µ ν¯µντ . The bounds given in Eqs. (32) and (33)
then translate into limits on tanβ and mH+ . The most
stringent limit is obtained from the ratio of the total tau
decay widths into the muon and electron modes given in
Eq. (32).
B. `−α → `−β `+γ `−δ
The lepton-flavor violating decays `−α → `−β `+γ `−δ are
mediated by the neutral scalars at tree level. The decay
width of these processes is
Γ(`−α → `−β `+γ `−δ ) =
1
1 + δβδ
G2Fm
5
α
3× 210pi3×[∣∣∣gαβ,γδLL ∣∣∣2 + ∣∣∣gαδ,γβLL ∣∣∣2 + ∣∣∣gαβ,γδRR ∣∣∣2 + ∣∣∣gαδ,γβRR ∣∣∣2 +∣∣∣gαβ,γδLR ∣∣∣2 + ∣∣∣gαδ,γβLR ∣∣∣2 + ∣∣∣gαβ,γδRL ∣∣∣2 + ∣∣∣gαδ,γβRL ∣∣∣2−
Re
(
gαβ,γδLL g
αδ,γβ
LL
∗
+ gαβ,γδRR g
αδ,γβ
RR
∗)]
,
(34)
where
gαβ,γδLL = (N
†
e )βα(N
†
e )δγ
(
1
m2R
− 1
m2I
)
, (35)
gαβ,γδRL = (Ne)βα(N
†
e )δγ
(
1
m2R
+
1
m2I
)
, (36)
gαβ,γδLR = (N
†
e )βα(Ne)δγ
(
1
m2R
+
1
m2I
)
, (37)
gαβ,γδRR = (Ne)βα(Ne)δγ
(
1
m2R
− 1
m2I
)
. (38)
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FIG. 3. As in Figure 1, for the texture pairs
(
5`1a,3
ν
8
)
and
(
5`1b,3
ν
8
)
.
Current experimental constraints are
Br(τ− → e−e+e−) < 2.7× 10−8,
Br(τ− → µ−µ+µ−) < 2.1× 10−8,
Br(τ− → e−µ+e−) < 1.5× 10−8,
Br(τ− → e−e+µ−) < 1.8× 10−8,
Br(τ− → µ−e+µ−) < 1.7× 10−8,
Br(τ− → µ−µ+e−) < 2.7× 10−8,
Br(µ− → e−e+e−) < 1.0× 10−12,
(39)
at 90% CL [18].
We recall that in the SM the amplitudes of the above
lepton flavor violating decays are proportional to the neu-
trino masses and thus these processes are suppressed.
Yet, in the models considered here, there are new contri-
butions mediated by the neutral scalars R and I at tree
level, which are now relevant. In the case of muons, the
only kinematically allowed decay is µ− → e−e+e−. For
tau leptons, two types of decays can be distinguished,
depending on whether the final state `+γ belongs to the
same family as one of the negatively charged leptons or
not.
C. `α → `β γ
Including two-loop contributions, the decay width of
the lepton-flavor violating processes `α → `β γ is given
by
Γ(`α → `β γ) =αm
5
αG
2
F
128pi4
×
[
|AL|2 + |AR|2 +
α2
pi2
(
|C|2 + |D|2
)]
,
(40)
where
AL = − (N
†
eU)βi(N
†
eU)
∗
αi
12m2H+
+
(Ne)
∗
iβ(Ne)iα
12
(
1
m2R
+
1
m2I
)
,
(41)
AR =(Ne)βi(Ne)
∗
αi
12m2R
− (Ne)βi(Ne)iαmi
2m2Rmα
[
3
2
+ ln
(
m2i
m2R
)]
+
(Ne)βi(Ne)
∗
αi
12m2I
+
(Ne)βi(Ne)iαmi
2m2I mα
[
3
2
+ ln
(
m2i
m2I
)]
,
(42)
and a sum over i = e, µ, τ is implicitly assumed. In
Eqs. (41) and (42), contributions proportional to the neu-
trino masses and subleading terms in m2`/m
2
R,I have been
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FIG. 4. The allowed region in the (mR,mI)-plane for the different charged-lepton and neutrino mass matrix combinations.
neglected. In leading order, the two-loop terms can be
approximated by the expressions
C = 2(Ne)βα(Nu)ttmt
m2Rmα
ln2
(
m2t
m2R
)
, (43)
D = 2(Ne)βα(Nu)ttmt
m2I mα
ln2
(
m2t
m2I
)
, (44)
where Nu is the analogue of the matrix Ne for the up-
quark sector, in the basis where the up-quark mass ma-
trix is diagonal. Since the form of Nu depends on the
specific model adopted for quarks, we shall not include
two-loop contributions in our analysis. Note however
that two-loop corrections can dominate over the one-loop
contributions in certain cases [30].
Current experimental upper bounds on the branching
ratios are
Br(µ→ eγ) < 5.7× 10−13,
Br(τ → eγ) < 3.3× 10−8,
Br(τ → µγ) < 4.4× 10−8,
(45)
at 90% CL [18].
In the SM, the above decay processes are negligible,
since their amplitudes are proportional to m2ν/m
2
W . On
the other hand, in the 2HDM considered here, one ex-
pects contributions at the loop level from the flavor-
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changing couplings of the neutral Higgs scalars R and
I, which are proportional to m2`/m
2
R,I . Processes me-
diated by the charged Higgs scalar can also be relevant
here, since the coupling H+` ν¯ leads to contributions pro-
portional to m2`/m
2
H+ .
D. Numerical results
In Figures 1-4 we present the allowed regions for the
texture pairs
(
4`3,4
ν
1
)
,
(
4`3,4
ν
6
)
,
(
5`1,3
ν
6
)
and
(
5`1,3
ν
8
)
.
The two viable realizations of the charged-lepton mass
matrix 5`1 are considered, i.e. 5
`
1a and 5
`
1b. The random
points correspond to solutions compatible with neutrino
data and the bounds of Eqs. (33), (39) and (45). In
all cases, we require that the deviation from universality
|gµ/ge|−1 is in the range 10−4 to 5×10−3. This explains
why in Figures 1-3 the charged Higgs mass mH+ does not
reach the initially established upper limit of 1 TeV.
It can be seen from the figures that the matrix pairs(
4`3,4
ν
1
)
and
(
4`3,4
ν
6
)
are compatible with data for very
small and very large values of tanβ. On the other hand,
the pairs
(
5`1a,3
ν
6
)
and
(
5`1a,3
ν
8
)
favor large values of
tanβ, while the pairs
(
5`1b,3
ν
6
)
and
(
5`1b,3
ν
8
)
are consis-
tent with the bounds for very small values of tanβ.
Requiring |gµ/ge| to be in the restrictive range given
in Eq. (32), the charged Higgs scalar mass mH+ is within
the range of direct searches at the LHC in all cases.
Note also that, if one imposes Eq. (32), the solutions(
4`3,4
ν
6
)
,
(
5`1a,3
ν
6
)
and
(
5`1b,3
ν
8
)
are highly disfavored.
Furthermore, from Figure 4 we conclude that the so-
lutions
(
4`3,4
ν
1
)
and
(
4`3,4
ν
6
)
require quasi-degenerate
masses for the neutral Higgs scalars, i.e. mR ' mI .
For the textures
(
5`1b,3
ν
6
)
and
(
5`1a,3
ν
8
)
, such correla-
tion only exists for neutral scalar masses below 1 TeV,
while for the pairs
(
5`1a,3
ν
6
)
and
(
5`1b,3
ν
8
)
no correlation
is observed.
Leptonic CP violation is presently an open issue in
neutrino physics. Current global oscillation data shows a
mild preference for a potentially large value of the Dirac
CP phase δ in the leptonic mixing matrix [1–3]. Fur-
thermore, for Majorana neutrinos, there exist two Ma-
jorana phases that play a physical role in the neutrino-
less double beta (0νββ) decay process.3 If this decay is
mediated by light Majorana neutrinos, the relevant ob-
servable quantity is the so-called effective Majorana mass
mββ ≡ |
∑
i U
2
eimi|.
The maximally restricted leptonic textures considered
in this work contain only 8 physical parameters, which
allow to fit the eight experimentally known observables,
i.e., 3 charged-lepton masses, 2 neutrino mass-squared
differences and 3 angles in the leptonic mixing matrix.
It is then important to study the predictions of these
3 If the lightest neutrino is massless, only one Majorana phase has
physical meaning.
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FIG. 5. Predictions of the maximally restrictive texture
pairs on the leptonic CP phase δ and the effective Majorana
mass mββ in 0νββ decay. We recall that m3 = 0 for the pairs(
4`3,4
ν
1
)
and
(
4`3,4
ν
6
)
.
textures on other low-energy observables such as the lep-
tonic CP-violating phase δ and the effective Majorana
mass mββ .
In Fig. 5, we present the predicted values for δ and mββ
for the four viable texture pairs. From the upper panel of
the figure we conclude that the allowed region for the CP-
violating phase in the cases
(
5`1,3
ν
6
)
and
(
5`1,3
ν
8
)
lies ap-
proximately in the ranges (0, pi/4) and (7pi/4, 2pi), while
for the pairs
(
4`3,4
ν
1
)
and
(
4`3,4
ν
6
)
the allowed range is
(3pi/4, 5pi/4). No solution compatible with the observa-
tions was found around the maximal CP-violating values
δ = pi/2 or δ = 3pi/2. In the lower panel of Fig. 5, the
effective mass parameter mββ is plotted as a function of
the lightest neutrino mass m3 for the pairs
(
5`1,3
ν
6
)
and(
5`1,3
ν
8
)
. In the cases
(
4`3,4
ν
1
)
and
(
4`3,4
ν
6
)
, the lightest
neutrino is massless and thus m3 = 0. The results indi-
cate that the predicted values for mββ in the four cases
are below the expected sensitivity in near future 0νββ
experiments [31–33].
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V. UV COMPLETION
The analysis performed so far assumes the existence
of the Weinberg operator defined in Eq. (2). The dy-
namics behind this operator has not been specified. As
long as the UV completion of the maximally restrictive
leptonic textures does not break the effective symmetry,
our conclusions remain unchanged. In order to make this
statement more definite, we shall present two possible UV
completions in the context of type-I and type-II seesaw
models.
We shall start with the easiest UV completion of these
models, i.e. through the type-II seesaw mechanism. In
this framework, several SU(2)L triplet scalars ∆k with
hypercharge Y = 1 are added to the theory,
∆k =
 ∆0k −∆+k√2
−∆
+
k√
2
∆++k
 . (46)
The relevant Lagrangian terms read
− Ltype-IIint = Yk`0L∆†k`0L + µk,ij φ˜Ti ∆kφ˜j + h.c., (47)
where the sum over Latin indexes is implicitly assumed.
Once the heavy states with masses Mk are decoupled,
the effective coupling matrix reads
κij
Λ
= −2µk,ij
M2k
Yk . (48)
The presence of the trilinear couplings µk,ij is funda-
mental in the type-II seesaw, as can be seen in the above
formula. For such couplings to be present, ∆†k has to
transform under the flavor symmetry as φ˜Ti φ˜j . There-
fore, if we take as an example the scenario (5`1,3
ν
6), we
must have
∆1 → ei6γ∆1 , ∆2 → ei2γ∆2 , ∆3 → ei4γ∆3 . (49)
The same procedure can be applied for any effective im-
plementation, making the type-II seesaw a trivial path
for the UV completion of these models.
We can also envisage an UV completion within the
framework of the type-I seesaw mechanism. However,
due to the non-trivial correlation between the UV cou-
plings and the effective neutrino mass matrix, such an
implementation may not be viable for all the effective
models studied.
Let us consider, for instance, the effective model
(4`3,4
ν
6) with the symmetry transformations given in
Eqs. (19) and (20b). We can implement this model in
a type-I seesaw framework adding 3 right-handed neu-
trinos NiR (i = 1, 2, 3), which transform appropriately
under the flavor symmetry. The requirement that these
new fields decouple at low energies implies that the heavy
Majorana neutrino mass matrix MR is non-singular. To-
gether with the constraints at the effective level coming
from the mν texture, this leads to the following symme-
try transformation:
NR → diag
(
e−iγ , eiγ , 1
)
NR . (50)
The Lagrangian for the neutrino sector can be written as
− Ltype−Iint = Yi`0Lφ˜iNR +
1
2
N cRMRNR + h.c. , (51)
where the Dirac neutrino Yukawa couplings are given by
Y1 =
0 × 0× 0 0
0 0 0
 , Y2 =
× 0 00 0 0
0 0 0
 , (52)
and the heavy neutrino mass matrix is
MR =
0 × 0× 0 0
0 0 ×
 . (53)
After the decoupling of the heavy neutrinos, we recover
the effective Lagrangian in Eq. (2), with the coupling κij
predicted by the underlying dynamics,
κij
Λ
= −YiM−1R Y Tj . (54)
From the above textures we can easily verify that κ22 is
the null texture, while κ11 and κ12 correspond to the two
4ν6 textures found in Eq. (18), respectively.
VI. QUARK SECTOR
We now turn our attention to the quarks. Our aim is
to implement the same Abelian symmetries in the quark
sector without introducing new Higgs scalars. Depending
on the charge assignments, different models can emerge,
as shown in Table V. Notice that in the commonly used
classification all right-handed fermions of a given charge
couple to a single Higgs doublet. Our convention slightly
differs from the standard one, since in the models studied
here the lepton fields must couple to both Higgs doublets.
For the quark fields we choose natural flavor conserving
scenarios, i.e. only a single Higgs doublet couples to each
quark sector. In particular, models labeled type Ia and
type IIa in the table have the same implementation in
the quark sector as in the standard type-I and type-II
models, respectively. Thus, for such scenarios we can use
the current experimental constraints in order to study
their viability.
From Table V, we conclude that the symmetry im-
plementation in a type-Ia or type-IIa 2HDM framework
requires a large tanβ to guarantee the perturbativity of
the top-quark Yukawa coupling. In both cases, the solu-
tions
(
4`3,4
ν
1
)
,
(
4`3,4
ν
6
)
,
(
5`1a,3
ν
6
)
,
(
5`1a,3
ν
8
)
could be al-
lowed. However, in the type-IIa case the down-quark
sector couples only to φ1 and recent bounds on the weak
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Model u0R d
0
R e
0
R tanβ Textures
Type Ia φ2 φ2 φ1,2
large
{ (
4`3,4
ν
1
)
,
(
4`3,4
ν
6
)
,(
5`1a,3
ν
6
)
,
(
5`1a,3
ν
8
)
Type IIa φ2 φ1 φ1,2
Type Ib φ1 φ1 φ1,2
small
{
(4`3,4
ν
1),(
5`1b,3
ν
6
)
,
(
5`1b,3
ν
8
)
Type IIb φ1 φ2 φ1,2
TABLE V. Model classification according to the coupling of
the right-handed quarks u0R, d
0
R, and the right-handed charged
leptons e0R to the Higgs doublets φ1,2. The range for tanβ
(large or small), required from perturbativity of the quark
Yukawa couplings, and the viable pairs of leptonic textures
are also presented in each case.
radiative decay b → sγ imply mH+ & 570 GeV at 95%
CL [34, 35]. Therefore, the four solutions are excluded in
type-IIa scenarios (cf. Figs. 1-3).
Despite the above restrictions, the Abelian symmetry
can be easily implemented in a type-Ia 2HDM framework.
In this case, the bound on mH+ is weaker than the LEP
one (' 80 GeV) for values of tanβ & 2 [35]. The quark
Yukawa Lagrangian reads
− LYq = q0LΓd0Rφ2 + q0L∆u0Rφ˜2 + h.c. , (55)
where q0L is the SU(2)L quark doublet. The Yukawa ma-
trix couplings Γ and ∆, associated with the down- and
up-quark sectors, respectively, are general 3× 3 complex
matrices. This implementation simply corresponds to a
SM-like Yukawa sector for quarks and, therefore, it is
protected from the presence of any FCNC. The symme-
try implementation is now quite trivial; we only need to
request that d0R transforms with the opposite charge of
φ2 and u
0
R with the same charge of φ2. Thus, once the
maximally restrictive textures of the leptonic sector are
implemented, the Lagrangian terms in Eq. (55) can be
constructed imposing the quark field transformations
(4`3,4
ν
1) : d
0
R → e−i3γd0R , u0R → ei3γu0R, (56a)
(4`3,4
ν
6) : d
0
R → eiγd0R , u0R → e−iγu0R, (56b)
(5`1a,3
ν
6) : d
0
R → e−iγd0R , u0R → eiγu0R, (56c)
(5`1a,3
ν
8) : d
0
R → eiγd0R , u0R → e−iγu0R, (56d)
for each viable texture pair.
VII. CONCLUSIONS
In this paper, we have considered the problem of im-
plementing maximally restrictive texture zeros in the lep-
tonic sector in the context of two-Higgs-doublet models
with Majorana neutrinos. We have analyzed all maxi-
mally restrictive pairs of leptonic mass matrices with zero
entries and concluded that only four pairs of charged-
lepton and neutrino mass matrices, namely,
(
4`3,4
ν
1
)
,(
4`3,4
ν
6
)
,
(
5`1,3
ν
6
)
and
(
5`1,3
ν
8
)
, are compatible with ob-
servations at 3σ and can be simultaneously implemented
through an Abelian symmetry with only two Higgs dou-
blets.
We have also investigated whether the viable textures
are in agreement with current bounds on lepton-flavor-
violating processes. In particular, we have considered the
universality in τ lepton decays mediated by the charged
Higgs scalar at tree level, the lepton-flavor-violating de-
cays `−α → `−β `+γ `−δ mediated by the neutral Higgs scalars
at tree level, and the decay processes `α → `β γ mediated
by both neutral and charged Higgs scalars at the one-loop
level. The conclusions are summarized in Figures 1-4.
Our results turn out to be quite restrictive and predic-
tive. Out of the 19 pairs of maximally restrictive leptonic
matrices with 8 physical parameters, only 4 pairs (6 com-
binations) can be implemented through an Abelian sym-
metry within the two-Higgs-doublet model. The feasi-
ble textures lead to an inverted hierarchical spectrum for
the light neutrinos and definite predictions for the Dirac
CP-violating observable phase and the effective Majo-
rana mass in 0νββ decay, as shown in Fig. 5.
By enlarging the number of Higgs doublets we could
open the possibility for constructing new pairs of lep-
tonic mass matrices. Nevertheless, we have shown that,
in a minimal setup, there are already a few viable scenar-
ios. The latter can be easily completed at the ultraviolet
level in the context of the well-known seesaw mechanism
through the addition of right-handed singlet neutrinos or
the introduction of scalar triplets. The models presented
here stem from symmetries and, therefore, they contain
a reduced number of free parameters. Once the current
experimental constraints are imposed, these models typ-
ically lead to definite predictions.
Finally, we recall once more that the possibility of im-
plementing each set of maximally restrictive textures in
the context of 2HDM is a consequence of the existence
of an effective Abelian symmetry. Any UV completion
respecting this symmetry will clearly lead to the same
type of predictions.
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